W. R. G. Atkins T a b l e I. D a il y m a x im u m c u r r e n t in m ic r o a m p e r e s , from B urt SODIUM CELL NO. 299, ON FRONT PARAPET OF LABORATORY ROOF. B r ig h t d a y s in 1933 w e r e c o m pa r ed w it h t h e sam e d a t e s in .OTHER YEARS

T h e r e c o r d in g of v e r t ic a l il l u m in a t io n
Daily charts were obtained and were all measured by the author exactly as previously described for 1930. Defects in the high-tension ignition rubber-coated cable became more numerous in time, so the means for 1932 and 1933 are somewhat less accurate than for the other years. A day lost was always a wet (namely dark) one, so in order not to raise the average unduly, a typical value for a wet day at the same season was inserted. The possibility of error from electrical leaks was guarded against by frequent determinations of the zero. The recorder was out of action for over two months in the last quarter of 1933, while being restandardized and having the new lead alloy sheathed cable placed in position. The photometer case was not opened, but the cable was cut olf near the case and the new cable was attached to the old, the remains of which were heavily coated with a bituminous insulating compound. As trouble arose later on at the junction, this was housed in a metal box after adequate coating. In the tables which follow the monthly maxima in the vertical columns are shown in heavy type and the minima in italics. Yearly maxima have an asterisk, but in later tables are in heavy type. In view of the occurrence of values during 1930 (Atkins and Poole 1936, Tables III and IV) , which subsequent records showed to be remarkably high, the charts were examined again to make sure that such high figures were not due to electrical leaks which had escaped notice before. The local meteorological returns were also consulted as to the occurrence of rain. There remains no doubt that these values for 1930 are correct, and in a certain number of them additional observations, noted at the time, give reason to believe that the day was particularly bright. Thus on 22 April 1930, the ratio of total (vertical) illumination to diffuse illumination, denoted as /?, was as high as 3*25 at 1*5 p.m. 7 July 1930 shows the maximum illumination integral for the whole eight years, namely, 1323 kilolux hours; notes record that the wind was north to north-west, with air exceptionally clear, sky very blue, a few clouds at noon, none in the afternoon; at 12.5, 2.25 and 4.0 p.m. G.M.T. /? was 4*25, 3*44 and 3*50 respectively. There is no doubt about the genuineness of a few outstanding records, but this does not explain why certain months gave exceptionally high records irrespective of the sunshine or rain.
V e r t ic a l il l u m in a t io n t h r o u g h o u t t h e y e a r s
The measurements were undertaken in the first place in connexion with the study of the seasonal changes in the plankton in the English Channel. Daily values of the maximum vertical illumination in kilolux and of the total vertical illumination in kilolux hours have accordingly been filed for use at Plymouth. But in the tables which follow only the mean, greatest and least values are given for the daily maximum for each month, and the corresponding results for the illumination integral. There are thus no published tables corresponding to No. IV of Atkins and Poole (1936) . Table II shows th at the daily maximum vertical illumination was least in November 1934 with 3-2 kilolux (see Atkins and Poole 1936, Plate 27 D) and greatest in July 1930 with 197-6 kl., a range of almost sixty-twro fold. During 1930, April, May, July and August, gave maxima over 190 kl. outstandingly high values, with a mean maximum of 150-9 for July. High means were also obtained for April, May and August. The June value too, 119-3 kl., was the highest for any June though surpassed in May 1932 which gave 126-2 kl. Though the mean maxima were quite ordinary values for January, February and March 1930, yet from April to November they were exceptionally high, December was only surpassed slightly by 1935 and January and February 1931 were again high, with March quite a normal value. Occasional high maxima may be explained by exceptional conditions, such as the reflexion from towering white clouds before a snow storm on 28 February 1931. Anything that tends to raise the average altitude of the light naturally raises the vertical component. Thus on 21 December 1937, there was a diffuse misty grey sky, after extremely heavy rain the previous night, and the sun broke through, giving for a short time V = 21-4 kl., as against maxima for the 21st on other years as follows : 1929, 17-2 kl.; 1930, 19-9 k l.; 1931, 16-0 kl.; 1932, 17-4 kl.; 1934, 17-9 kl., but for 22nd; 1935, 17-5 kl. and 1936, 4-9 
III. V e r t ic a l il l u m in a t io n in t e g r a l , i n k il o l u x h o u r s a d a y , a t P l y m o u t h . T op s e c t io n , l e a s t VALUES FOR EACH MONTH; MIDDLE SECTION, GREATEST VALUES AND BOTTOM SECTION MEAN MONTHLY VALUES. Y e a r l y m a x im a h a v e a s t e r is k
Y ear Jan .
Feb.
Mar.
April M ay
Ju n e J u ly Aug.
Sept.
Oct.
Nov.
Dec. values during a month it becomes far harder to explain exceptionally high readings. It is even more difficult when dealing with measurements of the illumination integral, shown in kilolux-hours in Table III 1937 1931 24 1937 1932 19 1935 1933 27 1937 1930 30 1935 1934 27 1933 1934 27 1937 1934 24 1932 1934 39 1932 1932 15 1934 1930 61 1932 1937 32 1934 In the correlation of the exhaustion of the phosphate in sea water with sunshine in the spring during 1923, 1924 and 1925 owing to the multiplica tion of the planktonic algae (Atkins 1926, Table V and fig. 5 ) an indication was obtained of the need for more exact measurements of the illumination.
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T a b l e V I. V e r t ic a l il l u m in a t io n in t e g r a l s c a l c u l a t e d f o r ea c h c a l e n d a r m o nth AS A PERCENTAGE OF THE TOTAL FOR THE YEAR
Seasonal variations daylight
In Table VI the illumination integrals are shown for each month as a percentage of the annual total. A correlation with changes in the plankton will be attempted elsewhere, but it is of interest to note th at whereas the first three months of 1930 received 10-7 % of the annual illumination, in 1933 15-9 % was received, about 13-14-5 % being a more usual value. The summer half of the years received from three-fourths to four-fifths of the light. Contrary to what might be imagined, June is not always the brightest month, but was so in 1932, 1935 and 1937, with July at the top in 1930, and May in the other four years. The general absence of clouds and rain, with as a result less reflexion from the sky and a less transparent atmosphere, seems to be the cause of the low values for June. Table VII shows the vertical radiation integrals for London. These were obtained with the Callendar radiometer, in which the radiation passes through glass, and are on the National Physical Laboratory scale of radiation. Guild (1937) has shown th at this is almost identical with the most recent scale of the Bureau of Standards, Washington, and agrees with Abbot and Aldrich (1934) that the Smithsonian scale of 1913 gives values 2-3 % too high. As far as the complete years go, 1930 is at the top, though the excess over the minimum is only 19%. The maximum radiation is usually in June, but in July for two years. Comparing the last line with Table IV , it may be seen th at the excess percentage of the maximum is never quite as high as for Plymouth short wave daylight, and is markedly less in the brighter months. One would expect th at atmospheric im purities and particles serving as condensation nuclei would have a selective effect upon the shorter wave-lengths of sunlight, so that greater variations are to be expected in the region to which the sodium cell is sensitive. It is none the less difficult to see why in 1930 four of the brightest months, April, July, August and September, also January 1931 should be 67-73% greater than the minimum, while June, October and December were maxima for the eight years also. Reference may also be made to the discussion in § § IV and VI (Atkins and Poole 1936) and to Atkins, Ball and Poole (1937) . In the 1936 paper the European pressure system was con sidered for April 1930, but no explanation was afforded for the exceptional values. It is possible that though the lower level winds were variable there may, during 1930, have been a predominance of arctic air of great purity, so that higher intensities of illumination were incident upon the lower strata of the atmosphere.
An entirely different explanation should not, however, remain un considered, namely, that the high values found relate only to the short wave region, around 0-41 y and that the sun's emission is especi 
VII. V e r t ic a l r a d ia t io n in t e g r a l a t L o n d o n , S o u t h K e n s in g t o n
Means for all available days, in gram calories per sq. cm. B y courtesy of th e D irector of the Meteorological Office, Air M inistry.
The last line shows th e excess percentage of th e m axim um over th e m inim um as in Table IV .
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Dec. in this portion of the spectrum. Abbot has shown that there are periodical variations in the solar constant of radiation; the observations have recently been summarized and discussed by him (1935) . Daily fluctuations are usually around 2 %, but may even show a range of 8 % (1920). Pettit (1932), on Mt Wilson, found large percentage changes in the ultra-violet around 0-32/q when compared with the green about 0-5/^. An automatic recorder compared the effects of the two regions upon the same thermopile, the comparison being completed in 4 min., and immediately repeated. When computed for zero air mass the ratio of the intensities varied from 0-95 to 1-56. It is also claimed that these changes show positive correlation with the variations in total solar radiation. P e ttit's work undoubtedly shows that one cannot measure short wave-lengths and assume th at they always give a true measure of the variation near the middle of the spectrum, though it was shown by Atkins and Poole (1936, fig. 2 and discussion) that, for the regions covered by the cells used, this assumption was reasonably correct. But the existence of notable exceptions lessens the value of the present series of records as far as their application to problems of photosynthesis is concerned. While the existence of such variations in the ultra-violet to green ratio has been established by Pettit, the validity of his computation to zero air mass has been questioned by Bernheimer (1933) on the basis of his own measurements of ultra-violet, extending from 1925 to 1933. He claims th at these show an annual maximum in midwinter and a corresponding minimum in midsummer, variations due to the alterations in the turbidity of the atmosphere. He previously drew attention to the agreement between the yearly variation in the transmission of the atmosphere for A 3200, as measured by Gotz at Arosa, similar measurements at Upsala, the changes in the ultra-violet at Arosa for airmass 2-9 and P ettit's measurements for the ultra-violet to green ratio. From the similarity of the curves Bernheimer concluded th at P ettit's deductions were untenable (1928, 1929, 1933 b) . I am indebted to Dr H. H. Poole for suggesting that a loose contact at the shunting resistance might lead to a fictitiously high current in the recorder and so explain the high values for 1930. These however occurred with each of the three separate shunt units, the connexions of which were soldered by the makers, no plugs being used. The same shunts are still in use.
I desire to express my indebtedness and tender my thanks to the following: The Government Grant Committee of the Royal Society for funds for the purchase of the Cambridge thread recorder and other instruments; to Dr H. H. Poole, with whom the first measurements were published, and to the Royal Dublin Society, in whose laboratories certain standardizations were carried out with him ; to my colleagues and laboratory assistants at Plymouth who kindly helped in the daily changing of the charts, and otherwise, during the eight years; also to the Super intendents of the Meteorological Office, South Kensington, and of Kew Observatory, for the information they kindly supplied.
S u m m a r y
A Burt vacuum sodium photoelectric cell was used with a Cambridge " thread recorder" to obtain daily records of the vertical illumination, around 0-41 jll.The greatest, least and mean values of the daily ma are tabulated for each month, as are the corresponding measurements of the illumination integral in kilolux-hours. The constancy of the cell was established, and it was shown that the daily maxima varied from 3*2 to 197-6 kl. on the carbon arc potassium cell scale, which for average daylight is close to the mean noon sunlight selenium cell scale.
The monthly mean of daily maxima was 150-9 for July 1930 and 12-4 for December 1931. From April 1930 to February 1931 the monthly means were, all save December, maximal for the eight years. The daily illumination integral varied from 14-5 to 1323 kilolux-hours, and the monthly means from 45-6 in December 1934 to 781 in July 1930; in this year the means for April, June, July, August, September, October, December, also January 1931 were maxima for the eight years. Five years averaged 309 kilolux-hours a day, but 1930 showed 414, whereas 1933 had the highest sunshine average. No satisfactory explanation of the high values of 1930 is forthcoming, but November 1937 exceeded the high November 1930. The vertical radiation integral, as measured at London, showed th at 1930 was rather higher than other years. Possibly the explanation lies in the persistence of exceptionally clear upper air during 1930, or perhaps in an actual increase in the ratio of ultra-violet to green in the solar spectrum as found by Pettit, a result contested by Bernheimer. The six summer months receive from three-quarters to four-fifths of the annual daylight; of this the brightest month (May, June or July) receives 15-18% and December 1-5%. A study of certain digestive glands in experimental animals (Langstroth, McRae and Stavraky 1938) required the analysis of samples of secretion, ranging from less than 1 to 15 c.c. in volume, for several different substances. The use of the quantitative spectrographic method of analysis for Na and K described in this article aided considerably in obtaining the data for each sample, and so resulted in a description which was relatively complete as compared with that obtained under a purely chemical procedure. This more complete knowledge of the composition of the secretions was found to be of the utmost importance in the interpretation of the results, and in obtaining an understanding of the behaviour of the glands.
The method of analysis for Na and K, like that for Pb described in paper I (Foster, Langstroth and McRae 1935) , depends on the determination of the intensity ratio of a chosen line of the investigated element to one of an
